Schiitz (1), Jochim, Katz and Mayne (2) and many other workers investigated the monophasic cardiac action potentials recorded as a potential difference between the normal and the injured parts of the heart, but such a method of study cannot reveal the fundamental properties of cardiac cells, because the potentials thus recorded are the sum total of the phenomena taking place in a great numbers of normal as well as more or less injured muscle fibers. However, the microelectrode of Ling and Gerard (3) offered a very effective technique for examining the cellular potentials.
This technique has been utilized by Weidmann (4), Brooks, Hoffman et al. (5), Trautwein (6), Woodbury (7) , Matsuda, Hoshi and Kameyama (8) , Sano (9) and others, and abundant results of significance have been so far reported concerning the cellular potentials of cardiac muscle.
In this article, the author studied some electrical properties of the cells in and around the injured region by means of the microelectrode technique.
Strictly speaking, it may be said, that the impalement with a microelectrode causes, more or less, an injury to the cell, and even the excision of the heart muscle brings about a state different from the normal.
In this report, however, a certain more drastic and distinct injury was given to the muscle so as to produce the definite effects of injury.
This report does not concern itself with "injury potential" between the normal and the injured region, but with the resting and action potentials and other electrophysiological properties of the individual injured cells.
Hitherto no investigation has been found reported in such a sense (10) . A part of this study was communicated in the 35th Congress of the physiological Society of Japan (11 Method of inducing experimental injury. Three types of method were adopted.
1) The surface of the heart was compressed forcibly to destroy the muscles mechanically with one end of a capillary glass tube for microelectrode. In spite of the simplicity of this technique, this method is very certain in producing the effect, 2) a sustained compression was applied transversely on the surface of the sample of the heart muscle with a thread, 3) a local burn was produced on the surface of the sample by a heated wire, after temporarily discarding Tyrode's solution. Fresh Tyrode's solution was let to irrigate the sample which had undergone burn.
Driving of the heart. Stimulus electrodes of silver have a diameter of about 0.5mm. Two of them were inserted on the sample.
As a stimulus, a discharge current of a thyratron was taken out of the one end of the cathode load through an inductorium, the secondary coil of which was connected with the electrodes.
Standard driving rate was fixed to one per 700msec.
RESULTS
1. Action potentials of the cardiac cells near the injured region When the endocardium was injured by a capillary glass tube with an outer diameter of 2 to 3mm., the neighbourhood cells showed an action potential of the injured type. The nearer to the center of injury, the smaller was the resting potential (RP).
Results are shown in fig. 2 . In this case, the normal membrane potential showed, as in fig. 2 , A, about 100mV of RP (100mV was indicated by a point of the left lower part.
The zero level was adjusted to the time base). The duration of the action potential (AP) lasted about 300msec., and the remarkable plateau appeared at the repolarisation phase. When the central part of this sample was injured by a glass tube, the grade of injury decreased gradually as indicated in B, C, D, E, F, with an increasing distance from the injured spot. The AP of D and E were recorded at the same place, the former from the first layer, and the latter from the second layer. G was recorded from the cell opposite to the driving electrode as regards the injured spot. It is adjacent to the margin of the injured region.
The shape of AP is not always the same even though the distance is equal.
This suggests that the heart muscle is not necessarily to be considered as a homogeneous structure. Similar injury with a diameter of about 3mm. was applied locally by burning.
Immediately after that, the spike type AP and the dome type AP appeared alternately. The former disappeared gradually, and the plateau in the latter type came markedly to the fore. This transient process was photographed and shown in fig. 3 , B. After a while, the notch of AP, characteristic to the epicardial layer cell, appeared.
These are shown in fig. 3 .
When compressed with a thread, the cells near the pressed region showed a plateau-less triangular AP, which was somewhat different from the case of glass tube compression, or burn. The interval between the two small time marks is 10msec., and between two large time marks 50msec. The calibration mark of 100mV was inserted into the left lower part as a white point. Local burn with a diameter of about 3mm. was applied:
A. Immediately after burning. Spike and dome type wave appeared transiently.
B. AP's which appeared after the "A" and were superposed. C. The almost normal form. D. The characteristic epicaridal form.
The relation between RP and other electrophysiological properties
From the foregoing description, it was manifested that the RP's of the cell near the injured, spot were diminished and AP's had a characteristic form. Accordingly the relations between RP and overshoot (OS), RP and upstroke velocity, RP and AP duration were measured with various examples and plotted to the graphs.
Those data will be shown in the next graphs.
The relation between RP and OS is shown in fig. 4 , which indicates that the decrement of OS is roughly proportional to RP and that OS often takes a negative value when RP is less than 60mV.
This relation shows a trend similar to the data taken from Purkinje fiber by Weidmann.
In our case, the cells are not always Purkinje fibers, and hyperpolarisation was not caused by direct current application.
The experimental conditions are more complicated. That is why our data have more variance than Weidmann's one (15) . To the cells, measured in this case, mechanical injury was applied by a glass tube. RP was proved to be roughly proportional to the upstroke veloity. This relation is demonstrated in fig. 5 . In the range of 20 to 90mV of RP, the rise velocity varied from 1.02V/sec. to 345V/sec.
The scale of the ordinate was plotted logarithmically in order to distinguish the rise velocities of the depolarised states in detail.
Finally, the relation between RP and AP-duration was compared for the normal and injured cells, and the result was shown in fig. 6 . This has proved no special relationship, and AP-durations of the cells were indifferent to RP values.
However, it is noticed, that usually the normal cells have longer APdurations than the injured cells, and have less variance as for their values. This fact is very important, for it is the very reason why the ventricular gradient increases in the case of injury or disease of the heart. In other words, ventricular gradient means the quantity which is related to the local differences of the recovery of excitation according to Burger (16) , and so the increased variance of above described AP-duration in an injured state must be considered to be an important factor of the increased ventricular gradient.
However, Burger's theory on the ventricular gradient is not so strict, so that this proof may be only a kind of indirect approach. 
Direct current application
We noticed, that one important parameter of a cardiac injury was the values of RP which was easily measurable.
Therefore, we have attempted to hyperpolarize or depolarize the cell membrane during a brief period, in order to test whether the wave form of the injured cell recovers to the normal form or not, when RP's were altered to various extents.
The results indicated that the parameters of wave forms such as rising velocity and OS of AP were not restored to normal by the temporary polarization with application of a short current pulse. that it does not cause any change to the electrode behavior (17) . The records of the injured cell potential, which contain no change in wave forms after 10 minutes of polarization, were omitted here to cite. 
After impalement, the variohm is readjusted and the balanced value is recorded as R2. Then, the membrane resistance y is calculated as follows, (2) Therefore, (3) From this formula, the resistance of the injured cells, the normal cells and the intermediate cells, which are indefinite, whether normal or not, were measured respectively.
The frequency distribution curve became as shown in fig. 10 . From this graph, the injured cells were proved to exhibit generally a lower resistance than the normal cells.
Excitability changes
By an intracellular cathodal stimulation, higher thresholds were obtained in the injured cells than in the normal cells. Strength-duration curves of the cells are shown in the graph of fig. 11 . In the injured cells, the hyperbolic relation was not always obtained as seen in the typical case of the normal cell. The curves indicated a trend to shift to the right upper part.
Refractorieness was studied thereafter by the impalement of two microelectrodes (electrode-distance:50 micra), the one for stimulation and the other 
In fact, the loss of K and the increase of Na in the injured nerve cell had been proved experimentally by Harreveld and Russel (24) . At the upstroke or depolarisation phase, PNa is greatly diminished when injured. At the plateau or repolarisation phase, we cannot predict the relation of P exactly. This means, that the biological membrane loses the ability of selective permeabilities for ions when injured. The relation between permeability and resistance has not been studied quantitatively, but generally speaking permeability is considered to be inversely proportional to electrical resistance.
In our examples, the lowered selective permeability for ions is not combined with the lowered P value, for the low resistance corresponds to the high P constant.
Thus it is reasonable that the lowered selective power accompanies high value of P. After all, both the decreased electrical resistance and selective permeabilities for ions suggest us that each ion species leaks more easily through the membrane, when injured, than in the case of the control. In the former cases, it is easily considered, that the cellular excitability, considered from the standpoint of the electrical threshold, may be lowered. This was exemplified directly by the intracellular stimulation. It is well known, that excitability of the cut end of the nerve is low in the nerve-muscle preparation, and the part of the nerve nearest -the muscle remains excitable the longest. Sometimes this is called the law of Ritter-Valli (25) . In the cardiac muscle also excitability of the cells near the injured part becomes lowered, while the distant cells undergo the less injured effect and maintain the normal excitability for a longer period. The speed of recovery is slowest at the injured margin, and vice versa. In other words, the law of the nerve-muscle preparation is applied to the cardiac muscle block, under a slight modification.
These injured cells obey the all or none law, but the effect of injury does not follow the all or none law and many graded AP's appear around the injured region. When the degree of injury exceeds over a certain limit, the cells do not recover any more.
SUMMARY
The cellular membrane potential of the injured cardiac muscle fiber of the dog was recorded, and its various electrical properties were investigated.
(1) Injury was caused by either of a mechanical compression with a glass tube, burn, and a ligature with a thread.
The injured region was unable to impale, but the cells around there could be examined, and showed diminished RP, rise velocity decrease or disappearance of OS of AP. The greater the distance from injury, the less was the degree of impairment.
(2) A short period of hyperpolarization altered neither OS nor rise velocity. (3) Membrane resistance of the injured cells decreased remarkably. (4) By injury the threshold (rheobase) was elevated to a higher level as shown in the strengh-duration curves. Absolute refractory period was prolonged until a later phase of more than 80% repolarisation.
(5) There findings were discussed and the author would interprete as follows:the injured membrane loses its ion-selective ability and becomes leaky to ions.
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